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 The Effect of Cracks on the Movement of Ca
2+ Within 
Gold Refining Residue 
Introduction 
Adam Pratt, Sunil Samaraweera and Richard Bell 
School of  Environmental Science, Murdoch University 
Gold refining residue is alkaline (pH> 9), saline (EC1:5: 800- 1100 mS/m) and sodic (ESP> 
60) (Ho et al., 1998).  These chemical properties have a detrimental effect on residue physical 
properties (hydraulic conductivity, bulk density, porosity).  Together these properties limit 
the potential for revegetation. 
GypsumJCaS04.2H20) has commonly been used to reclaim alkaline, saline and sodic soils 
(Charters,£( al., 1985).  However, these studies, in addition to that conducted by Alva and 
Gascho (i991  ), have reported that the vertical depth of  amelioration is generally limited to the 
depth of  gypsum incorporation in clay soils.  These researchers attribute the negligible 
leaching of Ca2+ to the low hydraulic conductivity and strong adsorptive capacity of  clay 
soils. 
The importance of  cracks (or macropores) on the vertical movement of  water and solutes 
through soil profiles has been extensively studied (Logsdon, 1995).  Schuman and Meining 
(1993) observed that the vertical movement of  Ca2+ was greatly enhanced by the presence of 
cracks within sodic bentonite spoils.  It is therefore the objective of  the present study to 
determine whether cracks in gold refining residue, formed as a result of  solar drying, facilitate 
Ca
2+ movement to greater depths in the residue profile than the depth of  incorporation. 
Methods 
The study was conducted in a small portion of  the R4 residue storage area (RSA) at 
Boddington Gold Mine (BGM), approximately 120 km south-east of  Perth.  Gypsum had 
b,een incorporated into the surface 20 to 30 em of  residue in Apri\ 1994 at a number of  rates 
(0, 30, 60, and 120 tlha).  Soil samples were collected in March 1996 after two seasons of 
leaching by 1880 mm rainfall, at 50, 100, and 150 em of  depth both in the vicinity of  the crack 
wall and at a distance of  20 em from the crack wall.  Residue samples were air-dried and 
exchangeable Ca2+ extracted using a 0.35M BaC12 in 60% methanol solution.  The extract was 
analysed for Ca2+ by Inductively Coupled Plasma Spectrometer.  Paired t-tests were used to 
determine the significance of  the results. 
Results and Discussion 
Exchangeable Ca2+ extracted from residue samples is represented in Table 1.  Significantly 
higher exchangeable Ca2+ contents were observed in samples collected from the crack wall 
compared to those from the residue matrix, at both 50 em and 100 em depth, for all gypsum 
application rates.  No significant difference in exchangeable Ca
2+ levels were obtained at 150 
em of  depth. 
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Table 1: Exchangeable Ca
2+ ( cmol(  +)/kg) extracted from samples collected in the vicinity of 
the crack wall and the residue matrix.  Values represent means of three replicates. 
Depth  Gypsum application rate 
(em)  (t/ha) 
0  30  60  120 
Crack  Residue  Crack  Residue  Crack  Residue  Crack  Residue 
wall  Matrix  wall  Matrix  wall  Matrix  wall  Matrix 
50  0.34  0.32  0.69*  0.46  0.56*  0.36  0.57*  0.38 
100  0.26  0.26  0.42*  0.29  0.51 *  0.27  0.32t  0.25 
150  0.24  0.28  0.28  0.22  0.25  0.26  0.23  0.19 
*significant at the 5% confidence level by paired t-test 
t significant at the 10% confidence level by paired t-test 
The higher exchangeable Ca2+ contents reported for crack wall samples, in comparison to 
matrix samples, can be attributed to the preferential flow of  water, carrying both dissolved 
and undissolved gypsum particles down the macropores.  Similar preferential flow of  water 
and solutes through macropores has been observed by Prendergast (1995).  Water flows down 
the buried macropores as a result of  a pressure head buildup at the plowpan (Phillips et al., 
1989).  In the present field situation, the macropores terminated at depths between 1 to 1.2 
metres.  This was determined through visual observation and provides an explanation for the 
lack of  increase of  exchangeable Ca2+ at 150 em of  depth.  Termination of  macropores results 
in bypass water (water flowing through macropores) entering the soil matrix.  This process 
has been referred to as internal catchment (Van Stiphout et al., 1987) and results in a greater 
vertical movement of  water and solutes than would result if  movement was to occur solely 
through the matrix.  The higher exchangeable Ca2+ contents in crack wall samples indicate that 
the process of  internal catchment is occurring in the present situation. 
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